In this paper, the new concepts normal product of two multi-valued mappings, s-weakly compatible, s-common fixed point and the (EAs) property for two pairs of multi-valued mappings are introduced, and the s-common fixed point existence theorems for two pairs of multi-valued noncompatible mappings under strict contractive condition are proved. without appeal to continuity of any map involved there in and completeness of underlying space. The results presented in this paper generalize, improve, and unify some recent results in this field.
Introduction
The aim of this paper is introduce to some new concepts, normal product of two multi-valued mappings, s-weakly compatible, s-common fixed point and the (EAs) property for two pairs of multivalued mappings are introduced, and the s-common fixed point existence theorems for two pairs of multi-valued noncompatible mappings under strict contractive condition are proved, without appeal to continuity of any map involved there in and completeness of underlying space which extend, unify and improve the earlier comparable results [1] [2] [3] [4] [5] [6] .
Preliminaries
Definition 2.1 Let (X, M, N, * , ) be an intuitionistic fuzzy metric space. We denoted by CB(X) the family of all nonempty closed bounded subsets of X. For x ∈ X and A ⊆ X. Let H be a Hausdorff metric induced by the intuitionistic fuzzy metric d of X, that is,
Lemma 2.2 Let 2 X denote the family of all the nonempty subsets of X, and G, P , T : X → 2 X be three Multi-valued mappings, then for x ∈ X, the following relations hold:
(5) If T x = X − T x denote a complement of the mapping T x for any x ∈ X, then P T x = P T x.
Proof This directly follows from the definitions of the product and the complement. Definition 2.3 Let P, T : X → CB(X). A point x ∈ X is said to be:
(1) fixed point of P if x ∈ P (x); (2) S-coincidence point of a pair (P, T ) if P x ⊆ T x; (3) S-common fixed point of a pair (P, T ) if {x} ⊆ P x ∩ T x; F s (P ), C s (P, T ) and F s (P, T ) denote set of all fixed points of P , set of all coincidence points of the pair (P, T ) and the set of all common fixed points of the pair (P, T ), respectively. Definition 2.4 Let P, X → CB(X) be two multi valued mappings, and a product P T be a normal product. Multivalued mappings P , T are said to be: (4) S-compatible if M H (P y n , T z n , t) → 1, N H (P y n , T z n , t) → 0 for any y n ∈ T x n and any z n ∈ P x n whenever {x n } is a sequence in X such that
(5) S-noncompatible if there exists a sequence {x n } in X such that
for any y n ∈ T x n and any z n ∈ P x n , or no existent.
Definition 2.5 Mappings P , T : X → CB(X) are said to satisfy property (EAs) if there exists a sequence {x n } in X, some σ ⊆ X and A ∈ CB(X) such that
S-Common Fixed Point
Theorem 3.1 Let (X, M, N, * , ) be an intuitionistic fuzzy metric space, G, P , Q, T : X → CB(X) be multivalued mappings, and the products P T and GQ be two normal products. If the pair {G, Q} satisfies (EAs) property, G(X) ⊆ P (X) ⊆ CB(X) and there exist r ∈ [0, 1) and Gy ∈ CB(X) for all x, y ∈ X, x = y such that
then the pair {P, T } and pair {G, Q} have S-coincidence points. Moreover, P , G, T and Q have a S-common fixed point if P is T -weakly S-commuting at x ∈ Cs(f, T ) and G is Q-weakly S-commuting at y ∈ Cs(G, T ).
Proof Since the pair {G, Q} satisfies property (EAs), there exist a sequence {x n } in X and σ, D ⊆ CB(X) such that
Since, G(X) ⊆ P (X) ⊆ CB(X), for each x n , there exists y n ∈ X such that P y n = Gx n . Therefore
Qx n ∈ CB(X).
Since P (X) G(X), there exists u, v ∈ X such that σ = P u = Gv. We claim that P u ⊆ T u and
By condition (1), we have,
By condition (2), we have,
where r ∈ [0, 1). Taking lim n→∞ in (3) becomes
It further implies that
Which is a contradiction. Thus P u ⊆ T u. Taking lim n→∞ in (4) becomes
and N H (P u, T u, t) ≤ rN H (P u, T u, t) < N H (P u, T u, t).
Which is a contradiction. Thus P u ⊆ T u. 
From assumption it follows that
M H (T y nk , Qx nk , t) * min{M (P y nk , Qx nk , t), M H (Gx nk , T y nk , t)} ≥ rM (P y nk , T y nk , t) * M H (P y nk , Qx nk , t) (5) where P y nk , Gx nk ⊆ CB(X). Apply lim k→∞ in (5)
which is a contradiction. Hence lim
N H (T y nk , Qx nk , t) max{N (P y nk , Qx nk , t), N H (Gx nk , T y nk , t)} = rN (P y nk , T y nk , t) N (P y nk , Qx nk , t).
(6) Apply lim k→∞ in (6),
which is a contradiction. Hence lim n→∞ T y n = D. We can show that Gv ⊆ Qv and Qv ∈ CB(X),
where r ∈ [0, 1). Taking lim n→∞ in (7), we have
It further implies that (8)
and
which is a contradiction. Thus Gv ⊆ Qv.
N H (T y n , Qv, t) max{N (P y n , Qv, t), H(Gv, T y n , t)} ≥ rN (P y n , T y n , t) N H (P y n , Qv, t).
Taking lim n→∞ in (9), we have
It further implies that
Now, we show that {u, v} ⊆ P u T u Gv Qv. P , G, T and Q have a S-common fixed point. By assumption, P 2 u ⊆ T P u and G 2 v ⊆ QGv because that P is T -weakly S-commuting at u ∈ Cs(f, T ) and G is Q-weakly S-commuting at v ∈ Cs(G, T ). Also, using the Definition 1.4, we obtain, for any g ∈ Gv. We claim that u ∈ P u If not, then condition (1) implies that
Which is a contradiction T u ⊆ Qp (2) implies that
for p ∈ P u = Gv and any g ∈ Gp ⊆ Qp, which is a contradiction and the claim follows. And we claim that v ∈ Gv as same as the way. It further implies {u, v} ⊆ P u T u Gv Qv. Lastly, we claim that u = v. If not, then condition (1) implies that M H (T u, Qv, t) * min{M H (P u, Qv, t), M H (Gv, T u, t)} ≥ rM H (P u, T u, t) * M H (P u, Qv, t)
M H (T u, Qv, t) * min{M (T u, Qv, t), M H (Qv, T u, t)} ≥ rM H (P u, T u, t) * M H (T u, Qv, t) M H (T u, Qv, t) * M (T u, Qv, t) ≥ rM (T u, Qv, t) M H (T u, Qv, t) ≥ rM (T u, Qv, t) > M (T u, Qv, t).
Which is a contradiction. Thus T u ⊆ Qv. If not, then condition (2) implies that N H (T u, Qv, t) max{N H (P u, Qv, t), N H (Gv, T u, t)} ≤ rN H (P u, T u, t) * N H (P u, Qv, t) N H (T u, Qv, t) max{N (T u, Qv, t), N H (Qv, T u, t)} ≤ rN H (P u, T u, t) N H(T u, Qv, t) N H (T u, Qv, t) N (T u, Qv, t) ≤ rN (T u, Qv, t) N H (T u, Qv, t) ≤ rN (T u, Qv, t) < N (T u, Qv, t)
